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(54) Efficient optical system for a high resolution projection display employing reflection light 
valves 



(57) An optical system is described consisting of 
reflection birefringent light valves, polarizing beam split- 
ter, color image combining prisms, illumination system, 
projection lens, filters for color and contrast control, and 
screen placed in a configuration offering advantages for 
a high resolution color display. The illumination system 



includes a light tunnel having a cross-sectional shape 
corresponding to the geometrical shape of the spacial 
light modulator to optimize the amount of light projected 
onto the screen. 
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Description 

RELATED APPLICATIONS 

This application is related to U.S. application Serial 
Nos. 410 428 and 410 429. each entitled EFFICIENT 
OPTICAL SYSTEM FOR A HIGH RESOLUTION PRO- 
JECTION DISPUVY EMPLOYING REFLECTION 
LIGHT VALVES, each filed concurrently herewith, and 
each of which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention is directed to optical systems 
for projection displays and more particularly to a high 
resolution improved optical system employing reflection 
light valves. 

Discussion of the Prior Art 

The development of liquid crystal flat panel displays 
has led to interest in using such panels as transmission 
light valves for a color projection display for data or 
video applications. A number of such systems are com- 
mercially available. However, in order to prepare light 
valves with a higher number of pixels as required for 
high resolution applications, the liquid crystal panel 
becomes large. It is difficult to produce panels with very 
small pixels since the electronic circuit structure needed 
for the operation of the panel obscures the light pas- 
sage through the pixels to an intolerable degree. 
Instead, there is interest in light valves consisting of an 
array of pixels designed to operate in reflection instead 
of transmission. In reflection mode, it becomes possible 
to fabricate the mirror structure directly above the elec- 
tronic circuitry. This mode allows smaller pixel areas 
without the obstruction of light passage caused by the 
circuitry, thus allowing maximum light throughput. This 
solves the pixel size problem, but introduces complexity 
into the optical system required to project an image of 
one or several cells onto a screen. 

A major class of liquid crystal light valves operates 
in a birefringent mode. Liquid crystal light valves are 
one known type of a spatial light modulator. The operat- 
ing principle is based on rotation of polarization of the 
incoming light for each pixel. An image is formed in a 
transmission liquid crystal cell when the cell is placed 
between two polarizers. In a reflection mode of opera- 
tion, the challenge is to direct linearly polarized light 
onto the light valves and to form an image only using the 
light reflected with rotated polarization. The reflective 
light valve mirrors will reflect both polarizations of light. 
Light of the original polarization must be selectively 
removed from the reflected light beam and not be 
allowed to reach the screen. 

U.S. Patent 4,687,301 to Ledebuhr discloses a liq- 
uid crystal light valve projection system that includes a 
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beam polarizer, a color separating assembly that com- 
prises two color separators enclosed in a liquid filled 
enclosure, and liquid crystal reflection light valves for 
reflecting the separated colored light back into the sep- 
arating assembly to be combined and directed into a 
projection lens. One of the drawbacks of this system is 
that portions of the source image are lost or significant 
portions of the illumination light are lost because of dif- 
ferences between the shape of the light introduced into 
the system and the shape of the light valves. Further- 
more, typical illumination schemes usually produce 
non-uniform illumination on the light valves resulting in 
poor intensity uniformity and poor color uniformity in the 
projected image. Thus there is a need for an efficient 
optical system for achieving a full color high resolution 
display using several reflective birefringent light valves. 

SUMMARY OF THE INVENTION 

The object of this invention is to provide an efficient 
compact optical system for a high resolution data or 
video projection display, having full color and utilizing 
reflection-type birefringent spatial light modulators such 
as liquid crystal light valves that eliminates the problems 
of prior art systems. 

The present invention accomplishes the above 
objects by providing a light tunnel having a Cross-sec- 
tional shape corresponding to the geometrical shape of 
the spatial light modulators. The liquid crystal display 
(LCD) projector of the present invention comprises an 
illumination system having a light source such as a 
metal-halide arc lamp, an ultraviolet and infrared filter or 
filters positioned in the optical path from the light source 
for filtering out the infrared and ultraviolet light emitted 
from the light source, a light tunnel for providing uniform 
light intensity, and a relay lens system for magnifying the 
illumination system output plane and imaging said plane 
onto the liquid crystal light valves. 

Between the relay lens system and the light valves, 
the LCD projector also includes a polarizing beam split- 
ter cube for selecting one of the two polarizations of the 
light and directing said polarization along the optical 
path, and an optical assembly comprised of a plurality of 
prisms for separating the light into a plurality of color 
components. In the preferred embodiment, the prism 
assembly is comprised of three prisms for sequentially 
separating the red (R), blue (B) and green (G) light com- 
ponents from the visible light and directing each light 
element onto a reflective LCD light valve. The three light 
valves are positioned with their reflective surfaces per- 
pendicular to the optical path and serve to spatially 
modulate the light beam by means of rotation of the 
polarization of the light, and to reflect each of the R. G, 
B light elements back into the optical path such that 
each of the three elements will retrace its original path 
through the color prism assembly which serves to 
recombine the three R, G. B light elements into one light 
beam. The light beam will then reemerge from the color 
prism assembly, pass through the polarizing beam split- 
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ter cube which will separate the modulated light from 
the unmodulated light and direct the modulated light 
beam into the projection lens which serves to combine 
the images of the three light valves and project the com- 
posite image onto a rear projection screen comprising, 
for example, a fresnel lens and a diffusing screen. The 
optica! path from the projection lens to the screen may 
also contain one or more fold mirrors to direct the light 
onto the screen. 

The light tunnel may be comprised of a set of mir- 
rors to form a hollow tunnel or a slab of glass to form a 
solid light tunnel. The tunnel is positioned between the 
source and the relay lens system. The cross-sectional 
shape of the tunnel corresponds to the geometrical 
shape of the spaciat light modulator, which results in 
substantially all of the image being uniformly illuminated 
and projected onto the screen without loss of, for exam- 
ple, the corners of the image. Thus, the amount of light 
projected onto the screen is optimized. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic of an optical projection dis- 
play system for the present invention; 

Figure 2 is a schematic cross-sectional view of light 
paths through a color separating assembly of the 
system of Figure 1 . 

DETAILED DESCRIPTION OF THE INVENTION 

Referring now to the drawings. Figure 1 shows a 
schematic of the optical arrangement for an LCD projec- 
tor 10 of the present invention. The projector 10 
includes a lamp source 1 2, an infrared f irter 1 4. an ultra- 
violet filter 16, and an illumination system 18 including 
an intensity untformization means such as a light tunnel 
56. The projector 10 also includes a polarizing beam 
splitter 22, a prism assembly 24 for sequentially sepa- 
rating the light into the desired plurality of colors, such 
as red, green and blue light components, and directing 
each of the three color components onto one of three 
birefringent reflective light valves 26, 27 and 28. The 
prism assembly 24 is comprised of three prisms 30, 31 
and 32 arranged at angles to provide two color separat- 
ing surfaces 34 and 36 having dichroic coatings thereon 
that provide the desired color separation. The prism 
assembly 24 serves the additional function of recombin- 
ing the light reflected from the light valves. The dichroic 
coatings are designed to preserve performance for both 
polarizations. The projector 10 further includes a projec- 
tion lens 38 and a screen 39 upon which the desired 
image is formed. The optical image forming module 
comprising the polarizing beam splitter cube 22. the 
color splitting/combining prism assembly 24 used in a 
double-pass mode, and the reflective light valves 26. 27. 
28 form the color images that may be projected onto a 
screen, ft should be noted that the relative position of 
the illumination system 18 with the fight source 12 and 



filters 14 and 16 as shown in Figure 1 may be 
exchanged with the projection lens 38 and screen sys- 
tem 39. 

The illumination optics 18 includes a lens 54 to 

5 focus the emitted visible light into the light tunnel 56 
comprised of either a set of mirrors to form a hollow tun- 
nel or a slab of glass to form a solid light tunnel. A relay 
lens system shown for example by lens 58 and 60 mag- 
nifies the uniform light tunnel output plane and images 

io the plane onto the spacial light modulators through the 
beam splitting cube 22 and prism assembly 24. 

The light focused by lens 54 enters light tunnel 56 
and is reflected many times off of the walls of the tunnel 
to in effect homogenize the light into a beam having a 

is uniform intensity. In accordance with the present inven- 
tion, by forming the light tunnel with a cross-sectional 
shape that corresponds to the geometrical shape of the 
light valves 26. 27 and 28, the loss of light or of intensity 
in the corners of the image is prevented. In a preferred 

20 embodiment, the light tunnel is comprised of four mir- 
rors assembled to form a hollow rectangular mirror tun- 
nel. The length of the tunnel is that which provides a 
minimum of two reflections for the extreme angular light 
rays that enter the light tunnel when focussed by lens 

25 54. By matching the cross-sectional shape of the light 
valves and allowing a minimum of + 2 reflections in the 
tunnel, this embodiment provides a uniform intensity 
distribution on the entire light valve as well as very effi- 
cient utilization of all the light entering the light tunnel. 

30 The projector system 1 0 also includes various addi- 
tional efficiency enhancement means. These additions 
include color and polarization controlling filters placed 
at key locations for the enhancement and control of 
color and contrast These filters include a polarizing film 

35 40 placed in the illumination path between the lamp 12 
and the polarizing beam splitter cube 22 and/or a polar- 
izing film 42 placed between the polarizing cube 22 and 
the projection lens 38 for additional polarization control 
and for contrast enhancement. Color fitters 43, 44 and 

40 45 can also be placed between the light valves and the 
color prism assembly 24. In addition, a color filter 46 can 
be placed within the illumination path between the lamp 
1 2 and the polarizing beam splitter cube 22 for color and 
stray light control. 

45 The projector system 10 further includes a quarter 
wave plate 48 disposed between the projection lens 38 
and a source of the recombined beams, in this case the 
beam splitting cube 22 to remove stray light reflected 
back from the lens 38. A further efficiency means is pro- 

so vided by a screen element consisting of a quarter wave 
film 50 and a polarizing film 52 disposed on screen 39 
to reduce the effects of room light reflection. The polar- 
izing film 52 is placed on the viewing side of the screen 
39 and the quarter wave f Bter 50 is placed between the 

55 film 52 and screen 39. 

The function of the major components within the 
display system can be understood by following the path 
of fight rays from the light source 12 through the system 
to the screen 39. The light source 12 is a metal -haGde 
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arc lamp with a parabolic reflector. Immediately follow- 
ing the lamp reflector 12 are filters 14, 16 for removing 
the infrared and ultraviolet radiation from the light 
source. The visible light is then directed into the illumi- 
nation optics 1 8 which functions to provide uniform light 5 
intensity and to form a largely parallel beam that is to be 
used to bring light upon the light valves at a largely nor- 
mal incidence. 

The light incident upon the light valves must be lin- 
early polarized, but light reflected having the same 10 
polarization is to be excluded from the image forming 
beam. Application of a voltage to the liquid crystal light 
valves 26, 27, 28 causes a rotation of polarization, 
therefore light of polarization rotated relative to the inci- 
dent beam is selected for forming the image upon the is 
screen. This is achieved by use of the polarization beam 
splitter cube 22 designed for use over a wide range of 
wavelengths of the visible light spectrum and over a 
suitable range of angular divergence of the beam, typi- 
cally a number of degrees. 20 

The light path through the image-forming module is 
shown in detail in Figure 2. Light beam 62 enters the 
beam splitter 22 and the so-called p polarization com- 
ponent propagates directly towards the light valves 
whereas the s component is reflected by the prism as is 25 
well known for a polarizing beam splitter. Light of p 
polarization from the polarizing beam splitter enters 
prism assembly 24 which is similar to that used to divide 
light into primary color bands in a video camera. This is 
achieved by dichroic coatings upon the prism faces as is 30 
well known for the camera application. Surface 34 
reflects the red component and transmits blue and 
green components. Surface 36 reflects the blue compo- 
nent and transmits the remaining green component! 
The red and blue components are internally reflected by 35 
their respective prisms 30 and 31 and exit through out- 
put faces 64 and 66. The green component exits directly 
through output face 68. It should be noted that the 
sequence of separation of the R, G, B components may 
be changed as desired. 40 

The individual red, green and blue color compo- 
nents impinge upon light valves 26, 27, 28 situated at 
the output faces 64, 66, 68 of the prism assembly 24. In 
camera applications of these color prisms, CCD detec- 
tors would be placed at the location of the light valves. 45 
In the present invention, the light is reflected back from 
each valve so as to traverse the prism assembly 24 a 
second time, so reconstituting a "white" light beam 
again from the R. G and B color components. The red 
component is again reflected from surface 34. The blue so 
component is reflected at point 70 of surface 35 of prism 
31 but is transmitted at point 72. The angle of incidence 
at point 70 is steeper than the so-called critical angle so 
that total internal reflection occurs. The blue component 
is transmitted at point 72 because the angle of inci- ss 
dence is below the critical angle. The combined R, G, B 
reflected beam 74 traverses the polarizing beam splitter 
22, but this time the original p component is transmitted 
through the prism and discarded while the rotated s 



polarization component is reflected by the prism as 
desired, to the projection lens. It is to be noted that the 
projection lens must be of a special design to accommo- 
date the large glass working distance and the telecen- 
tric illumination. Such a lens is described as a retrofocus 
telecentric lens. The projection lens forms an image of 
all three light valves upon a screen which may be 
viewed either from the front or rear. The images of the 
light valves are brought into coincidence upon the 
screen by mechanical adjustment of the light valves rel- 
ative to the prism output faces. 

An alternative optical arrangement is also possible 
in which the s polarization is used for illumination and 
the p polarization is used in the imaging path. This 
arrangement can be simply achieved by interchanging 
the illumination optics and the projection lens in Figure 

As stated above, the efficiency of the optical system 
is improved by quarter wave plate 48 incorporating a 
thin birefringent layer placed between the projection 
lens 38 and the polarizing beam splitter 22 for the 
reduction of the possibility of light reflected back into the 
optical system by the surface of the lens elements being 
reflected back again to the screen. Light going through 
the quarter wave retardation plate or film 48 toward the 
lens 38 and then reflected back through the film a sec- 
ond time will have its polarization rotated by 90|- and 
thus will be removed from the optical system by the 
polarizing cube 22. 

Trie optical system of the present invention is also 
directed to a screen element consisting of a quarter 
wave plate or film 60 and a polarizing film 52. These ele- 
ments are placed on the screen 39 with the polarizing 
film 52 on the outside and the quarter wave film 50 
toward the lens 38. These screen elements serve to 
reduce room light reflections from the screen while 
transmitting essentially all the light from the projection 
lens. By converting the circularly polarized light from the 
lens back to linear polarization, all the linearly polarized 
light will be transmitted through the polarizing film. The 
first polarization of room light will be absorbed in the 
polarizing film 52 as the light enters the film. The sec- 
ond polarization will pass through the quarter wave film 
50, reflect off the screen and go back through the quar- 
ter wave film 50 a second time. This double pass con- 
verts the second polarization to the first polarization 
which will be absorbed by the polarizing film 52. 

Several additional features are disclosed to further 
improve efficiency. It is preferred that all dichroic coat- 
ings be optimized for their function within the system. 
That is, although polarizing beam splitters and color 
combining prisms are known in the art, they are poorly 
suited to the present application unless care is taken to 
design for the optimization of the incident p polarization 
and emergent s polarized beam. The use of a lamp of 
small arc size matched by optical design for efficient illu- 
mination of the light valves is also preferred. In addition, 
the use of color filters 43. 44, 45 and 46 provide selec- 
tion of the color bands, color balance and color purity for 
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improving efficiency. Each spacial light modulator has 
its own filter or filters. The filters absorb band edges of 
each color since the color splitting/combining prism 
assembly 24 is not efficient at band edges, because 
band edges are particularly sensitive to polarized light 
The filter operates in both directions, i.e.. light going to 
the modulator and light reflected by the modulator, and 
absorbs light of the other two colors. Filter 46 removes 
stray light in the assembly. 

Pre-polarizer 40 is an absorbing film that absorbs 
one polarization of light and transmits the other. Film 40 
pre-selects the polarization used in the optics in order o 
enhance their performance, as well as provide improved 
contrast. Post-polarizer or clean-up polarizer 42 is an 
absorbing polarizing film. Rim 42 is aligned to transmit 
the modulated light absorbs any residual unmodulated 
light, and provides enhanced performance and better 
contrast. 

The disclosed optical system has application to 
desk top data monitors having compact form and very 
high resolution compared with CRT monitors. It also has 
application to conference room displays, for video and 
for HDTV usage. It may be implemented as either a 
front or rear screen projection display. 

While the invention has been particularly shown 
and described with respect to illustrative and preferred 
embodiments thereof, it will be understood by those 
skilled in the art that the foregoing and other changes in 
form and details may be made therein without departing 
from the spirit and scope of the invention which should 
be limited only by the scope of the appended claims. 

Claims 

1. An apparatus for projecting an image of a light 
source comprising: 

at least one spacial light modulator having a 
face defining a geometrical shape; 

a light tunnel between said light source and 
said at least one spacial light modulator for pro- 
viding light from said source exiting said tunnel 
with a uniform light intensity, said light tunnel 
having a cross-sectional shape corresponding 
to said geometrical shape. 

2. The apparatus of claim 1 wherein said light tunnel is 
comprised of a plurality of mirrors. 

3. The apparatus of claim 2 wherein said light tunnel is 
comprised of four mirrors assembled to form a hol- 
low rectangular tunnel. 



5. The apparatus of claim 1 further including a relay 
lens system for focusing light from said light tunnel 
onto the face of said spatial light modulator. 

5 6. The apparatus of claim 1 further including: 



a polarizing beam splitting means for splitting 
light into first and second polarizations; means 
for directing light from said light tunnel into said 
polarizing beam splitting means; 
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a prism assembly having a plurality of output 
faces for splitting the light from said polarizing 
beam splitting means of said first polarization 
into a plurality of colors and directing each 
color through a corresponding one of said out- 
put faces and for recombining said plurality of 
colors reflected back into said prism through 
each respective output face; 

one of said spacial light modulators positioned 
adjacent each output face of said prism assem- 
bly for rotating the polarization of said colored 
light directed through each output face of said 
prism and reflecting said rotated colored light 
back into said prism through said respective 
output face for recombining therein; and 

a projection lens, said polarizing beam splitting 
means splitting said recombined colored light 
directed therein from said prism assembly into 
first and second polarization and directing light 
of said second polarization into said projection 
lens. 

The apparatus of claim 1 wherein said spatial light 
modulator includes a liquid crystal light valve 
assembly. 

The apparatus of claim 6 wherein said prism 
assembly is comprised of three solid glass prisms 
forming two color separating surfaces located inter- 
nally of said assembly. 

The apparatus of claim 6 wherein said polarizing 
beam splitting means is comprised of two solid 
glass prisms forming a polarization separating sur- 
face internally of said beam splitting means. 



1 0. The apparatus of claim 6 further including an illumi- 
nation assembly for filtering out ultraviolet and infra- 
red light from said source prior to said light entering 
said tunnel. 



The apparatus of claim 1 wherein said light tunnel is 
comprised of solid glass. 
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(57) An optical system is described consisting of 
reflection birefringent light valves, polarizing beamsplit- 
ter, color image combining prisms, illumination system, 
projection lens, filters tor color and contrast control, and 
screen placed in a configuration offering advantages for 
a high resolution color display. The illumination system 



includes a light tunnel having a cross-sectional shape 
corresponding to the geometrical shape of the spacial 
light modulator to optimize the amount of light projected 
onto the screen. 
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